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INTRODUCTION 
- 

The Ceramic Materials Research Program a t  t h e  University of Washington 
was es t ab l i shed  June 1, 1963, under National Aeronautics and Space Adminis- 
t ra t ion  Grant Number NsG-484. The p r i n c i p a l  purposes of t h e  g ran t  are t o  
encourage mul t id i sc ip l ina ry  research upon t h e  nature  and p rope r t i e s  of 
ceramic materials and t o  assist t h i s  i n s t i t u t i o n  i n  t h e  development of an 
enduring research capab i l i t y  i n  ceramics and ceramic engineering. The funds 
are, the re fo re ,  used t o  make f i n a n c i a l  support a v a i l a b l e  for research on 
ceramic materials conducted by members of t h e  University f acu l ty  and t o  pur- 
chase such items of c a p i t a l  equipment as are deemed d e s i r a b l e  f o r  t h e  imple- 
mentation of t h e  s t a t e d  purposes. 

The program, planned t o  study t h e  effects of various energy environments 
upon ceramic materials, i s  divided i n t o  s e v e r a l  broad research areas, namely: 
chemical, mechanical, atomic and molecular, and processing. 
program is planned and coordinated by t h e  Ceramic Materials Research C o m m i t t e e ,  
appointed by t h e  Dean of t h e  Graduate School. 
James I. Mueller, Ceramic Engineering, Chairman and P r inc ipa l  Inves t iga to r ;  
T. F. Archbold, Metallurgical Engineering; J. Gregory Dash, Physics; B i l l y  J. 
Hartz, C i v i l  Engineering; Irene C. Peden, Electrical Engineering; and 0. J ,  
Whittemore, Jr., Ceramic Engineering. 
nated by a board cons i s t ing  o f  E,  C. L inga fe l t e r  represent ing t h e  Graduate 
School, Chairman; H.  Myron Swarm, Associate Dean, College of Engineering; 
D. A. P i fer ,  Chairman of t h e  Department of Mining, Metallurgical and Ceramic 
Engineering; and James I. Mueller, P r inc ipa l  Invest igator .  

The research 

The cu r ren t  membership includes 

Administration of t h e  program is coordi- 
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GENERAL PROGRAH REPORT 

This is t h e  twe l f th  semiannual status repor t  and it covers t h e  second half  
of t h e  s i x t h  year  of operat ion under t h i s  gran t .  
t o t a l  of twenty-nine p r o j e c t s  were supervised by eighteen f acu l ty  members i n  
e igh t  academic d i s c i p l i n e s  of t h e  University. D r .  David B. Fischbach joined 
t h e  ceramic engineering f acu l ty  e f f e c t i v e  June 1, 1969 as a research associate 
professor.  
p roper t ies  of carbon and graphi te .  

During t h e  r e p o r t  per iod,  a 

Dr. Fischbach w i l l  organize and supervise  s tudents  on t h e  nature  and 

The Ceramic Materials Research Seminar, a per iod devoted t o  discussions of  
concepts and research of i n t e r e s t  t o  t h e  program, m e t  for a t o t a l  of th ree  
sessions during t h e  r epor t  period. 
t h e i r  t op ic s  is included as Appendix B. 

A complete l ist  of  seminar speakers and 

The program supported t h e  attendance of e i g h t  f a c u l t y  members t o  a t o t a l  of 
f i v e  t echn ica l  meetings at  which t h r e e  papers based upon work supported by t h e  
gran t  were presented. 
ported wholly o r  i n  p a r t  by t h e  gran t  are l i s t e d  with t h e  ind iv idua l  s t a t u s  
r e p o r t s  and i n  Appendix C, 

Papers published or presented r e s u l t i n g  from work sup- 

Since t h e  Annual Meeting of t h e  American Ceramic Society was held i n  Wash- 
ington, D.C., it was mutually agreed t h a t  t h e  Spring Technical Review would 
be held i n  Washington. 
and Whittemore presented a review of t h e  Ceramic Materials Research Program t o  
representa t ives  from NASA Headquarters and seve ra l  of t h e  Research Centers,  
The response t o  such a review was very encouraging and similar but smaller  
review teams w i l l  v i s i t  var ious Research Centers i n  t h e  fu tu re ,  

Professors Bjorkstam, Dash, Kast, Miller, Mueller, Scot t  
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RESEARCH STAFF 

Faculty Supervisors : 

J. L. Bjorkstam, Ph,D. 
Ppofessor, Electrical Engineering 

J. G, Dash, Ph.D. 
Professor  Physics 

N. W, Gregory, Ph,D. 
Professor,  Chemistry 

B, J. Hartz, Ph,D. 
Professorp?,  C i v i l  Engineering 

Fa E,  Kast, B,B,A.  
Professor,  Management and Organization 

E. C ,  Lingafel ter ,  Ph-D, 
Professor,  Chemistry 

J. 1, Mueller, Ph,D. 
Professor ,  Ceramic Engineering 

J. Rosenzweig, Ph,D. 
Professor,  Management and Organization 

E, A,  S tern,  Ph.D, 

T, F. Archbold, Ph,D, 
Associate Professor ,  Metallurgical Engineering 

0, J. Whittemolre 
Associate Professor,  Ceramic Engineering 

R. J, Campbell, Jr., M,Sc, 
Ass is tan t  Professor,  Ceramic Engineering 

M, D. COOR, Ph,D. 
Ass is tan t  Professor,  C i v i l  Engineering 

R, L, I n g a l l s ,  Ph.D. 
Ass is tan t  Professor,  Physics 

A, D. Mililler, Ph,D. 
Ass is tan t  Professor, Ceramic Engineering 

C. J. Sandwith, Ph,D. 
Assis tant  Professor, Mechanical Engineering 



-4- 

W. D. Scot t ,  Ph.D. 
Ass is tan t  Professor ,  Ceramic Engineering 

T. G. Stoebe, Ph.D. 
Assis tant  Professor ,  Metal lurgical  Engineering 

Research Faculty: 

S. Kimura, D. Engr, 
Research Associate, Ceramic Engineering 

W, M. Ziniker ,  Ph.D. 
Senior R6search Associate,  Ceramic Engineering 

Predoctoral  Associates:  

G ,  Achutaramayya, Ceramic Engineering 
M.S. Chemical Engineering 

R. L. B e r t o l o t t i ,  Ceramic Engineering 
M.S. Mineral Technology 

D. J, Calkins,  Ceramic Engineering 
M.S. Ceramic Engineering 

M. B. Cooper, C i v i l  Engineering 
M.S. C i v i l  Engineering 

G. K. Das, C i v i l  Engineering 
M.S, C i v i l  Engineering 

G. A. Erickson, Physics 
M.S. Physics 

H. Fotedar, Metal lurgical  Engineering 
M.S. Metal lurgical  Engineering 

De B. Leiser, Ceramic Engineering 
B.S. Ceramic Engineering 

J. K. Merrow, Ceramic Engineering 
B.S. Ceramic Engineering 

K. M .  Nair, Ceramic Engineering 
Masa Applied Chemistry 

R, E. Oettel, Electrical Engineering 
M.S, Electrical Engineering 

E. H.  Randklev, Ceramic Engineering 
M.S. Ceramic Engineering 
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J. W. Rue, Ceramic Engineering 
B.S.  Ceramic Engineering 

S. K. Sarkar,  Ceramic Engineering 
M.S. Ceramic Engineering 

J . J . Sipe , Ceramic Engineering 
B . S . Ceramic ,Engineering 

J. W. Stockman, Management and Organization 
M.S. Business Management 

C. D, West, Physics 
A.B. Physics 

Research Assistants: 

J. D. Danberg, Mechanical Engineering 
B.S. Mechanical Engineering 

R. Darolia,  Metal lurgical  Engineering 
B.S. Metal lurgical  Engineering 

J. N. Hale, Ceramic Engineering 
B.S. Ceramic Engineering 

C. S .  Krishnan, Ceramic Engineering 
B.S. Ceramic Engineering 

J. K. Lee, Metal lurgical  Engineering 
B.S. Metal lurgical  Engineering 

J. R. Nett, Physics 
B.S. Physics 

J, H. R a i ,  Chemistry 
M.S. Chemical Engineering 

M. Sr inivasan,  Metal lurgical  Engineering 
B.S. Metal lurgical  Engineering 

L. P. Torre,  Chemistry 
B.S. Chemistry 

Undergraduate Aides: 

A. P. Fasy, Ceramic Engineering 

L. G. Gunnoe, Ceramic Engineering 
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Support Staff:  

A. Lauber, Secretary 

C.  A. Mitton, Office Assistant 

D. W .  Nevin, Engineering Assistant 

V. V. Stringer, Secretary 

T. W. Woller, Machinist 
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CHEMICAL 

This system was se l ec t ed  as the  subjec t  f o r  s tudy of t h e  effects of 
chemical environment upon ceramic materials. 
various d i s c i p l i n e s  are pa r t i c ipa t ing  i n  a coordinated program t o  obtain 
knowledge regarding t h i s  system. 

Several  f acu l ty  members from 

GAS-SOLID EQUILIBRIUM 

James I. Hueller 
Professor,  Ceramic Engineering 

The composition and pressure of t h e  gaseous phase(s)  associated with 
t h e  s o l i d  phases a t  various temperatures mater ia l ly  affect t h e  equilibrium 
of a system. 
these  var iab les  upon t h e  Zr-0-C system. 

It is t h e  purpose of t h i s  research t o  study t h e  effects of 

Influence of Oxygen Act ivi ty  on t h e  S t ruc ture  of  Zirconium Oxide 

K. M. Nair 
Predoctoral  Associate, Ceramic Engineering 
Ph.D. Thesis Research 

The purpose of t h i s  study i s  the  determination of  t h e  effects of low oxygen 
p a r t i a l  pressure a t  high temperatures upon the  s t a b i l i t y  of Zr02. It is  planned 
t o  study the  possible  exis tence of lower oxides of zirconium, t h e i r  dependence 
upon oxygen a c t i v i t y  and temperature, and t h e  inf luence of t h e  formation of such 
an oxide upon the  formation of a te rnary  compound i n  t h e  Zr-0-C system. 

No s t a b l e  oxide compounds of zirconium lower than Zr02 have been observed 
i n  t h e  equilibrium study of Zr-0 systems. 
t y p i c a l  temperatures (1) j u s t  above t h e  monoclinic-tetragonal transformation 
(1200°C) and (2 )  below t h e  tetragonal-cubic transformation of Zr02 and between 
log  p02 = -9.8 t o  log  p02 = -13.5. No observable changes both i n  t h e  r e l a t i v e  
i n t e n s i t i e s  and i n  t h e  d-spacings are not iced,  but  t h e  co lor  of  t h e  sample 
va r i e s  from pure white t o  grey. 
does not  produce any change i n  t h e  d-spacings. 
an almost white co lor  when heated i n  air  or  oxygen without any change i n  t h e  x-ray 
d i f f r a c t i o n  pa t t e rn .  

Study has been concentrated on two 

Change of temperature i n  hydrogen atmosphere 
These 'black oxides '  change t o  

Non-equilibrium study of Zr-0,systems has r e su l t ed  i n  a material which has 
a lattice parameter (a,) of 3.8956A with t h e  ZnS structure. 
t h e  oxidat ion of t h i s  material under extremely oxygen-free argon atmosphere is 
underway, hoping t o  explain t h e  "blackening" property of Zr02 and t h e  mechanism 
of formation of  te rnary  compounds. 

Further study on 
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Studies  of t h e  Zirconium Dioxide-Carbon Reaction 

S. KO Sarkar 
Predoctoraf Associate, Ceramic Engineering 
Ph.D. Thesis Research 

A t e rna ry  material (zirconium oxycarbide) of 98% or more pu r i ty  has been 
produced from a mixture of Zr02 and carbon heated t o  18OO0C i n  a graphite-tube 
furnace with a CO atmosphere. 
been es tab l i shed ,  but  t h e  lowest lattice parameter observed was 4.6718. 

The composition of  t h i s  compound has not  y e t  

Information has been obtained regarding t h e  k i n e t i c s  of oxycarbide forma- 
t i o n  a t  a given temperature as a funct ion of  time and CO pressures.  Higher 
CO pressures  r e s u l t  i n  t h e  formation of oxycarbide which shows b e t t e r  x-ray 
d i f f r a c t i o n  peak resolut ion.  
i nd ica t e  t h a t  it may have a s l i g h t l y  b e t t e r  oxidat ion r e s i s t ance  than pure ZrC.  

I n i t i a l  oxidation s t u d i e s  of  t he  oxycarbide 

Zirconium oxycarbide has been formed from mixtures of Z r O 2  and Z r C  a t  1800 
and 1900°C, 
phases are formed. 
of oxycarbide from these  mixtures is much slower than from t h e  Zr02-graphite 
mixtures. 

Depending upon t h e  temperature and CO pressure ,  one or two f.c.c. 
The i n t e n s i t y  of x-ray d i f f r a c t i o n  peaks ind ica t e  the  rate 

Compositions of zirconium oxycarbides having la t t ice  parameters between 
4,674 and 4.689% have been determined. 
parameter and t h e  weight percents of oxygen and carbon and t h e  mole percent 
carbon plus  oxygen have been obtained. 

The r e l a t ionsh ips  between the  l a t t i ce  

A t  18OO0C, by t h e  ac t ion  of ' C o t  pressure alone,  zirconium carbide 
(J.P.L. a, = 4.697w) has been converted t o  zirconium oxycarbide. 
'CO' pressure i n  t h e  system, t h e  change i n  t h e  lattice parameter decreases.  
This behavior of ' C o t  pressure is  opposed t o  the  behavior of ' C o t  pressure on 
t h e  ZrOp and carbon mixture, i.e. w i t h  increasing 'CO' pressure,  t h e  lat t ice 
parameter increases .  
being approached and inves t iga t ion  of t h i s  is continuing. 

With decreasing 

This ind ica tes  t h a t  a poss ib le  equilibrium phase is  possibly 
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SOLID-SOLID EQUILIBRIUM 

Norman W. Gregory 
Professor ,  Department of Chemistry 

A thermodynamic and k i n e t i c  s tudy of chemical r eac t ions  i n  oxide- 
carbide graphi te  systems. 

In t e rac t ion  of  Metal Oxides with Graphite and of Metal Carbides with Metal Oxides 

Juey Hong R a i  
Research Ass is tan t ,  Chemistry 
Ph.D. Thesis Research 

The objec t ive  of t h i s  research is t o  study k i n e t i c  and thermodynamic pro- 
p e r t i e s  of t h e  r eac t ion  of CaO and graphi te  and of Z r C  and CaO by to r s ion  
e f fus ion  measurement of s teady state pressures  of Ca(g) and CO(g) generated i n  
e f fus ion  cells. 

M r .  R a i  is i n  t h e  f i n a l  s t ages  of wr i t i ng  h i s  Ph.D. t h e s i s .  H e  expects t o  
present  h i s  research t o  h i s  supervisory committee before  Ju ly  1. H i s  t h e s i s  
descr ibes  f u l l y  h i s  method f o r  der iving thermodynamic da ta  from steady state 
ef fus ion  pressures ,  measured a t  various temperatures as a function of t i m e .  
H i s  r e s u l t s  on t h e  CaO-graphite r eac t ion  are i n  very good agreement with those 
predicted from complementary thermodynamic s tud ie s .  A d i r e c t  study of t h i s  
r eac t ion  has not  been repor ted  earlier. 
of CaO with Z r C  has given r e s u l t s  which w i l l  be use fu l  as an a i d  i n  character- 
i z i n g  t h e  Z r C  phases used as i n i t i a l  reac tan ts .  A manuscript, possibly two, 
based on t h i s  work w i l l  be prepared and submitted f o r  publ icat ion during t h e  
summer months and w i l l  be submitted as a t echn ica l  r epor t  when r e p r i n t s  are 
ava i l ab le  

It a l s o  appears l i k e l y  t h a t  t h e  r eac t ion  
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BONDING I N  INTERSTITIAL COMPOUNDS 

Alan D. MillepI 

Assis tant  Professor ,  Ceramic Engineering 

A b e t t e r  understanding of e l e c t r o n i c  bonding i n  i n t e r s t i t i a l  com- 
pounds is sought by t h i s  study. 

U l t r a so f t  X-ray Emission Studies  

James W. Rue 
Predoetoral  Associate, Ceramic Engineering 
Ph.D. Thesis Research 

The purpose of t h i s  p ro jec t  i s  to :  (1) study t h e  u l t r a s o f t  x-ray emission 
of carbon, oxygen, and zirconium i n  Zr-C-0 compounds and ( 2 )  relate t h e  s p e c t r a l  
da ta  obtained to  t h e  e l e c t r o n i c  energies  i n  Zr-C-0 compositions whose band 
structures have been predicted.  

The primary e f f o r t  during t h i s  repor t  period w a s  i n  developing techniques 
for preparing t h i n  windows f o r  t h e  de tec tor  i n  t h e  spectrometer. The problem 
of supporting t h e  window agains t  a one-atmosphere pressure d i f f e r e n t i a l  while 
r e t a in ing  s u f f i c i e n t  transmission was recent ly  solved and the  spectrometer i s  
operable. 
t h e  recorded spec t ra .  

The next s t e p  is t o  inves t iga te  t h e  effect of instrument e r r o r  on 

S t ruc tu ra l  Ordering i n  Z r ( C , O )  

John N. Hale 
Research Ass is tan t ,  Ceramic Engineering 
W.S. Thesis Research 

This p ro jec t  w i l l  i nves t iga t e  t h e  degree of  order ing,  i f  any, i n  t h e  non- 
metal s u b l a t t i c e  of Z r ( C , O )  phases. The behavior of these  compositions i n  
o ther  work suggests t h a t  t he re  may be ordering among t h e  carbon and oxygen 
atoms. 

Zirconium oxycarbide compositions containing up t o  2.5 w/o oxygen were 
synthesized and t h e i r  compositions determined by combustion techniques. 
f ab r i ca t ion  of one of these  compositions by hot  pressing i n  a graphi te  d i e  
is being s tudied although t h e  dens i ty  achievable t o  da t e  remains l o w .  

The 

The powder specimens which were t o  be s tudied  a t  Oak Ridge National Labora- 
t o r y  by neutron d i f f r a c t i o n  are s t i l l  being character ized.  
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Associate Professor ,  Metal lurgical  Engineering 

This research p ro jec t  is  i n v e s t i g a t i n  the  c h a r a c t e r i s t i c s  and 
mechanisms of t he  e a r l y  s t ages  of  oxidat ion of zirconium metal.  
oxide crystal stmcture and metal-oxide o r i e n t a t i o n  r e l a t ionsh ips  are 
t o  be determined as a funct ion of oxygen p a r t i a l  pressure and temperature. 

The 

Zirconium Oxidation 

R. Darolia 
Research Ass is tan t ,  Metal lurgical  Engineering 
M, S. Thesis Research 

A de ta i l ed  examination of t he  s t r u c t u r e ,  g ra in  s i z e ,  and transformation 

The k i n e t i c  da t a  obtained by t h e  previous s tudent  OR t h e  
c h a r a c t e r i s t i c s  of t h i n  z i rconia  f i l m s  is  being made by the  use of e l ec t ron  
microscopy, 
p r o j e c t ,  Dr. Le P, Sr ivas tava ,  are being used i n  an a t t e m p t  t o  p red ic t  t he  
oxide c h a r a c t e r i s t i c s .  During t h e  r epor t  per iod,  Mr. Darolia has devoted 
h i s  time t o  t h e  preparat ion of oxide f i lms and t o  the  required t r a i n i n g  for 
t he  use of the  e l ec t ron  microscope. 
t h e  oxidation of Z r C  is near  completion. 

In addi t ion ,  a l i t e r a t u r e  survey of 

A paper e n t i t l e d  "The Effec t  of Gas Flow Rate on the  Oxidation Kinet ics  

Further  papers are i n  preparat ion.  
of Zirconium" by L. P, Srivastava and T, F. Archbold h a s  been accepted by 
Sc r ip t a  Metallurgica.  
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CALORIMETRIC INVESTIGATION OF CERAMIC AND RELATED MATERIALS 

Alan D. Miller 
Assis tant  Professor,  Ceramic Engineering 

The ob jec t ives  are t h e  construct ion of a high-temperature diphenyl- 
e t h e r  drop calor imeter  and t h e  study of hea t  capaci ty  and hea t s  of t r ans -  
formation of ceramic and r e l a t e d  materials. 

High- temperature^ Drop Calorimetry 

Shiushichi Kimura 
Research Associate, Ceramic Engineering 

F ina l  checkout and c a l i b r a t i o n  of the  calorimeter was f in i shed  during 
t h i s  period. 
t o  1700OK and compared with e x i s t i n g  da ta .  
on ZrCl-x specimens, x ranging from 0.6 t o  41.0. 

The hea t  content of molybdenum metal was measured from 500 
Measurements are now i n  progress 
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MECHANICAL PROPERTIES 

Research upon t h e  mechanical p rope r t i e s  of ceramic materials is 
underway t o  develop a more thorough understanding of t h e  b r i t t l e  f r a c t u r e  
mechanisms i n  s i n g l e  crystals and po lyc rys t a l l i ne  ceramics. 

ALUMINUM OXIDE BICRYSTALS 

W i l l i a m  D. Sco t t  
Ass is tan t  Professor,  Ceramic Engineering 

The purpose of t h i s  work is t o  study t h e  p rope r t i e s  of gra in  
boundaries i n  aluminum oxide. 

Mechanical Proper t ies  of Aluminum Oxide Bicrystals 

Raymond L. B e r t o l o t t i  
Predoctoral  Associate, Ceramic Engineering 
Ph.D. Thesis Research 

The purpose of t h i s  p ro jec t  is t o  study g ra in  boundary s l i d i n g  i n  
aluminum oxide by subjec t ing  gra in  boundaries of se l ec t ed ,  cont ro l led  
misor ien ta t ion  t o  pure shear  loading a t  e leva ted  temperatures. 

Attempts t o  shear  gra in  boundaries of aluminum bicrystals have apparent ly  
produced some boundary s l i d i n g .  
rhombohedral twinning have a l s o  been observed. 
been deformed t o  obtain 
t h a t  they can be cont ro l led  during g ra in  boundary shear .  
temperature dependence of twinning have been measured, and t h e  effects of 
twin-sl ip  in t e rac t ions  on high temperature deformation have been shown i n  
creep experiments. 
been observed. Surface condition apparently con t ro l s  twinning and t h i s  
knowledge w i l l  be used t o  test  gra in  boundary s l i d i n g  i n  t h e  absence of 
complicating twin-boundary in t e rac t ions .  

Complex combinations of basa l  s l i p  and 

information on t h e i r  o the r  deformation processes so 
Several  s i n g l e  crystals have 

The stress and 

Cracking a t  twin-twin and twin-matrix i n t e r f a c e s  has 

One of t h e  primary mechanisms of po lyc rys t a l l i ne  deformation a t  high 
temperature is thought t o  be gra in  boundary s l i d i n g .  
process and the  r e l a t ionsh ip  of boundary s l i d i n g  t o  d i s loca t ion  motion i n  
t h e  crystals adjacent  to t h e  boundary w i l l  be inves t iga ted  i n  pressure  s i n t e r e d  
b i c r y s t a l s  of con t ro l l ed  misorientat ion.  

The k i n e t i c s  of t h i s  
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I n t e r f a c i a l  Energies of Aluminum Oxide B ic rys t a l s  

G, Achutaramayya 
Predoctoral  Associate, Ceramic Engineering 
Ph.D. Thesis Research 

The purpose of t h i s  p ro jec t  is t o  determine t h e  r e l a t i v e  i n t e r f a c i a l  
energy of low angle  d i s loca t ion  tilt boundaries i n  aluminum oxide. 

Low-angle d i s loca t ion  tilt boundaries have been produced i n  alumina 
single c r y s t a l s  by deformation of 1550°C followed by polygonization anneal 
a t  18OOOC. The subgrains  produced w e r e  very small, about 20 microns wide, 
with misorientat ion tilt of less than lo. 
t r y  to  develop l a r g e r  subgrains by s u i t a b l e  specimen geometry and hea t  
treatment,  

Experiments are i n  progress  t o  

Measurements of t h e  i n t e r f a c i a l  energy of  c lean,  low angle symmetric 
tilt boundaries as a funct ion of misorientat ion w i l l  be used t o  tes t  various 
t h e o r e t i c a l  models of gra in  boundary s t r u c t u r e s  and w i l l  provide information 
on $he a c t u a l  s t r u c t u r e  of alumina gra in  boundaries. 



-15- 

ZrC COATINGS 

Colin J. Sandwith 
Ass is tan t  Professor ,  Mechanical Engineering 

James D. Danberg 
Research Assistant, Mechanical Engineering 
M. S. Thesis Research 

The purpose of t h i s  p r o j e c t  is  t o  determine bond s t r eng ths  and micro- 
hardness and t o  design and apply a new test of mechanical p rope r t i e s  of  Z r C  
plasma flame-sprayed coat ings.  

Mr. Danberg has presented h i s  t h e s i s  i n  f i n a l  form t o  t h e  graduate 
committee for  t h e i r  review and approval. Within a few weeks he w i l l  have com- 
p le t ed  t h e  requirements for  t h e  M.S. degree and h i s  work on the  nondestruct ive 
thermal test fo r  separa t ion  of Z r C  coa t ings ,  
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DEFECT PROPERTIES OF I O N I C  AND CERAMIC CRYSTALS 

Thomas G. Stoebe 
Assistant Professor,  Metal lurgical  Engineering 

This p r o j e c t  concerns t h e  growth of s i n g l e  crystals, t h e  charac- 
ter izat ion of t h e i r  de fec t  s t r u c t u r e s ,  and t h e  effects of d i f f e r e n t  
de fec t  s t m c t u r e s  on t h e  p rope r t i e s  of materials with t h e  N a C l  s t r u c t u r e .  

d 

Mechanical P rope r t i e s  of LiF Single  Crys t a l s  

Hira L. Fotedar 
Predoctoral  Associate, Metal lurgical  Engineering 
Ph.D. Thesis Research 

David Wilson 
High School Teacher Research Pa r t i c ipan t  

Work on t h i s  p ro jec t  has concentrated on t h e  experimental study of l a t e n t  
hapdening, due t o  d i s l o c a t i o n s  present  on o t h e r  than t h e  s l i p  plane,  on t h e  
mechanical behavior o f  LiF s i n g l e  c r y s t a l s .  
t h e  effects of p r i o r  deformation along t h e  compression axis and perpendicular 
t o  it. 

This has included a study of 

Mechanical Propert ies  o f  MgO Single Crystals  

M. Srinivasan 
Research Ass i s t an t ,  Metal lurgical  Engineering 
M.S. Thesis Research 

A study of t h e  room temggrature m chanical  p rope r t i e s  of high p u r i t y  9 MgO and of t h e  effects of Fe 
The effects of impurity p r e c i p i t a t i o n  r eac t ions  are also being invest igated.  

and N i +  on these  p rope r t i e s  is near ly  complete. 

Aging Behavior of LiF Crystals 

J. K. Lee (NSF Trainee) 
Research Assis tant ,  Metal lurgical  Engineering 
M.S. Thesis Research 

The study of quenching and aging on t h e  electrical condrictivity of L i F  
has been completed. M r .  Lee received an M.S. degree i n  Metallurgical 
Engineering i n  June 1969. 
on Ion ic  Conductivity i n  Lithium Fluoride." 

Thesis t i t l e :  "Effects of Quenching and Annealing 

Crvstal Growrh of MnO 

David Bucy 
Research Assis tant ,  Metallurgical Engineering 
M.S. Thesis Research 

The development of a system f o r  plasma Veineuil growth& MgO s i n g l e  
c r y s t a l  is nearly complete and t e s t i n g  has commenced on t h e  apparatus t o  be 
used i n  t h i s  work. 
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CONTINUUM STRESS ANALYSIS OF CRYSTALLINE CERAMICS 

The purpose of t h i s  research is t o  apply modern computational 
methods, r ecen t ly  developed for  complex aerospace problems t o  t h e  
problem of eva lua t ion  of stresses i n  po lyc rys t a l l i ne  ceramics caused 
by an i so t rop ic  material proper t ies .  This should l ead  t o  a b e t t e r  
understanding of t h e  mechanical p rope r t i e s  and behavior of these  
materials and of t h e  inf luence of c r y s t a l l i n e  s t r u c t u r e  on s t rength .  

S t r e s ses  i n  Crys t a l l i ne  Ceramics due t o  Anisotropic Mismatch 

B. J. Hartz 
Professor ,  C i v i l  Engineering 

The purpose of t h i s  research is  t o  f i n d  a b e t t e r  t h e o r e t i c a l  so lu t ion  
for thermal stresses i n  aluminum oxide by c r y s t a l s  caused by an i so t rop ic  
thermal expansion c o e f f i c i e n t  mismatch, t h a t  would b e t t e r  c o r r e l a t e  with 
experimental f ind ings .  

Due t o  the  boundary condi t ions of t he  problem, the  so lu t ion  by classical 
e l a s t i c i t y  does not  seem poss ib le ,  t he re fo re  a t t e n t i o n  i s  focussed on approxi- 
mate numerical techniques such as "the f i n i t e  element method" and c lose ly  
r e l a t e d  methods where high speed computers could be used f o r  automatic ca l cu la t ion .  

A t  p resent  s eve ra l  approximate analyses  have been completed using d i f f e r e n t  
two-dimensional f i n i t e  element approximations. 
stress?' f i n i t e  element program show high stresses close t o  the  i n t e r f a c e  which 
genera l ly  agree with the  experimental  r e s u l t s .  
ing  of t h e  c r y s t a l s  and an attempt is now being made t o  superimpose f i n i t e  
element p l a t e  bending so lu t ions  t o  t a k e  t h i s  f a c t o r  i n t o  account. 

The r e s u l t s  from t h e  "plane 

The r e s u l t s  a l s o  show t h e  warp- 

Preparat ion i s  also being made t o  so lve  t h e  problem by three-dimensional 
f i n i t e  element ana lys i s  using the  "Elas-A" program. 
s ide rab le  review has been made of t h e  l i t e r a t u r e  dea l ing  with an i so t rop ic  be- 
havior  of  a luminumaystals  with s p e c i a l  re fe rence  t o  elastic constants  and 
co-effecients  of  thermal expansion. 

In t h i s  connection con- 

A review has been made of  a new three-dimensional technique known as t h e  
"project ive method", which uses higher  order  polynomials and r egu la r  subdivis ions 
t o  make automation of computation possible .  
ana lys i s  s t i l l  has some programming ?'bugs" t h a t  have been d i f f i c u l t  t o  f ind .  
Extensive use is expected t o  be made of t h i s  method as soon as the  programming 
problems are c leared  up. 
realist ic assessment of  t h e  stresses i n  t h e  b i c r y s t a l s .  

Unfortunately the  program for t h i s  

This method is bel ieved capable of giving a more 
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Grain Boundary Energy and Crystal Dis tor t ion  Due t o  Surface Energy Changes 

Michael Held (Unsupported) 
Part-time Graduate Student,  C i v i l  Engineering 
M.S. Thesis Research 

This p ro jec t  is aimed d i r e c t l y  a t  a n a l y t i c a l  ca l cu la t ions  of t h e  
crystal d i s t o r t i o n s  and of t h e  assoc ia ted  i n t e r n a l  s t r e s s  f i e l d s  caused by 
in t e r fused  energies  of aluminum oxide b i c rys t a l s .  
are being obtained i n  t h e  p ro jec t  on i n t e r f a c i a l  energ ies  under the  d i r e c t i o n  
Of Professor  W. D. Scot t .  

The experimental r e s u l t s  

Continum S t r e s s  Analysis of Ceramic Materials 

Max D. Coon 
Ass is tan t  Professor ,  C i v i l  Engineering 

Maurice B. Cooper 
Predoctoral  Associate,  C i v i l  Engineering (February 1 t o  June 1 5 )  
Ph.D. Thesis Research 

A t h e o r e t i c a l  and experimental study of r e s i d u a l  stresses i n  ceramic 
materials is being conducted. 
improve some ceramics as load car ry ing  materials as evidenced by some pre- 
s t r e s s e d  gbasses. 
may introduce r e s idua l  stresses. 
ga t ing  involves making use of t h e  d u c t i l i t y  of ceramics a t  high temperatures.  
The thought h e r e  i s  t o  hea t  t he  mater ia l  u n t i l  it i s  d u c t i l e  and then load 
it followed by a subsequent cooling and unloading. 
procedure may induce favorable  r e s i d u a l  stress pa t t e rns .  I t  h a s  been decided 
t o  conduct tests on Titanium Carbide beams. The material has been obtained 
and t h e  f i x t u r e s  needed f o r  t h e  tests have been designed. The experimental 
program w i l l  begin t h i s  summer. 

A favorable r e s i d u a l  stress pa t t e rn  may 

It is w e l l  known t h a t  rap id  cool ing of some ceramics 
Another procedure which seems worth inves t i -  

It is f e l t  t h a t  t h i s  



-19- 

ATOMIC AND MOLECULAR 

Research i n  t h i s  area c o n s i s t s  of s tudying t h e  e l e c t r o n i c  p rope r t i e s  
of ceramic materials, p r i n c i p a l l y  metal carbides  or r e l a t e d  s t r u c t u r e s ,  
i n  an attempt t o  gain f u r t h e r  understanding of atomic bounding and charge 
transfer. Also, research  on r ad ia t ion  effects upon ceramic materials is 
included. 

EFFECTS OF RADIATION UPON CERAMIC MATERIALS 

James I. Mueller 
Professor, Ceramic Engineering 

W i l l i a m  M. Z in iker  
Senior Research Associate,  Ceramic Engineering 

J a c k  K. Merrow 
Predoctoral  Associate,  Ceramic Engineering 
Ph. D. Thesis Research 

Coimbatore S. Krishnan 
Research Ass i s t an t ,  Ceramic Engineering (January 1 t o  June 1 5 )  
Ph.D. T h e s i s  Research 

In t h i s  study t h e  effects of u l t r a  v i o l e t  r ad ia t ion  upon some ceramic 
A materials is  being inves t iga ted  by t h e  technique of thermoluminescence. 

bas i c  understanding of t h e  thermoluminescent process i n  MgO i n  terms of 
l a t t i c e  de fec t s ,  trace i m p u r i t i e s ,  and various heat  t rea tments  w i l l  be 
of value i n  t h e  discussion of  t h e  general  problem of  degradation of thermal 
con t ro l  coatings.  
now been measured and some of t h e  r e s u l t s  of o the r  workers  has been confirmed. 
Also, progress has been made toward measuring sample absorpt ion a t  various 
s t ages  of t h e  thermoluminescence. 
developed t o  make da t a  tak ing  easier. Experiments on CaO have been s t a r t e d  
i n  order  t o  extend the  s tudy t o  similar materials. 
system is being constructed so t h a t  much weaker emissions of l i g h t  can be 
detected.  
sur face  de fec t s  has been given considerable  s tudy and appears very promising 
as a f u t u r e  p ro jec t .  

The s p e c t r a l  composition of seve ra l  of the  glow peaks has 

A computer p l o t t i n g  program has been 

A s i n g l e  photon counting 

F ina l ly ,  extension of  t he  program t o  include t h e  e f f e c t s  of c r y s t a l  
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DOMAIN DYNAMICS I N  ISOMORPHOUS FERROELECTRICS 

John L. Bjorkstam 
Professor ,  Electrical Engineering 

This research has been concerned w i t h  t h e  o p t i c a l  and dynamical pro- 
p e r t i e s  of  domains i n  f e r r o e l e c t r i c  KH2P04 and i t s  isomorphs. 

Fe r roe lec t r i c  Domains and Domain Motion i n  KHzPO4 and KD2P04 

Richard E. Oettel 
Predoctoral  Associate,  Electrical Engineering (December 1 5  t o  December 31) 
Ph . D. Thesis Research 

Because a p la teau  has been reached i n  t h e  experimental work, M r .  Oettel h a s  
taken a more f inanc ia l ly  rewarding pos i t ion  w i t h  t h e  Boeing Company which s t i l l  
allows time t o  work on i n t e r p r e t a t i o n  of t h e  ava i l ab le  experimental da ta  and its 
presenta t ion  as a Ph.D. t h e s i s .  Request was made t h a t  grant  funds remain a v a i l -  
able t o  provide €or any suppl ies  which may be necessary t o  conduct f u r t h e r  experi-  
ments suggested by t h e  ongoing i n t e r p r e t i v e  work. 
a wise decision. We have obtained s ing le  crystals of RbDzAs04. 
material w e  expect t o  gain f u r t h e r  understanding of t h e  abrupt decrease i n  domain 
mobil i ty  which occurs approximately a t  Tc-7S°C i n  KD2P04 and Tc-60° i n  KH2PO4. 
(Tc  i s  t h e  Curic temperature.) 
change , t h e  electric quadripole coupling constant of t h e  As 75 nucleus should 
reflect t h e  change i n  c r y s t a l  s t ruc tu re .  We have r ecen t ly  performed nuclear  
magnetic resonance (NMR) experiments on A s 7 5  over t h e  temperature range from 
Tc-80°C t o  Tc(178OK) and f i n d  no such s t r u c t u r a l  change. 
lat t ice re laxa t ion  t i m e  seems t o  be s t rongly  temperature dependent below Tc ,  
ind ica t ing  a l a r g e  thermal  ac t iva t ion  energy f o r  t h e  A s 7 5  motion responsible  
for re laxa t ion .  
anomaly w i l l  be ca r r i ed  out  on RbD2AsO4 within t h e  next  f e w  days. If t h e  anomaly 
is found within t h e  temperature range covered by t h e  NMR experiment a phase 
change can be ru l ed  out  and an explanation sought on t h e  b a s i s  of a l a rge  ac t iva -  
t i o n  energy. 

Events have shown t h i s  t o  be 
With t h i s  

If t h i s  i s  due t o  a previously unreported phase 

However, t h e  As7’ sp in  

Crys ta l  p l a t e s  have been prepared and a search for t h e  mobili ty 

We have demonstrated by p l o t t i n g  t h e  logarithm of domain w a l l  ve loc i ty  vs 
1 / T  t h a t  t h e  180° domain w a l l  motion i n  KD2PQ,is a thermally ac t iva t ed  process 
as expected on t h e  b a s i s  of t h e  Miller-Weinreich (M.W.)  theory for such motion. 
However, t h e  electric f i e l d  dependence is not  at a l l  i n  agreement with M.W. 
theory.  
s t rongly  temperature dependent elastic shear  constant  C6cE e 

We a t t r i b u t e  t h i s  t o  important elastic effects which depend upon t h e  
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STUDIES ON GASH 

Edward C. L ingafe l te r  
Professor,  Department of  Chemistry 

Louis P. Torre 
Research Ass is tan t ,  Department of Chemistry 
Ph.D. Thesis Research 

The objec t ives  of t h i s  study are t o  inves t iga t e  t h e  mechanism of the  f e r ro -  
e l e c t r i c i t y  of Guanidinium Chromium Sul fa te  Hexahydrate (GCrSH)  and i ts  aluminum 
isomorph (GASH). 

A new apparatus s u i t a b l e  for displaying t h e  quas i - s t a t i c  hys t e re s i s  loops 
of GASH has been assembled and is i n  operation. 
systematic study of t h e  effects of crystal s i z e ,  voltage,  and exposure t o  
x-rays on t h e  loops has  been s t a r t e d .  

Using t h i s  apparatus,  a 

Using t h i s  apparatus as a monitor, it has been poss ib le  to ad jus t  a crystal 
t o  a near ly  f u l l y  poled state under zero voltage and t o  c o l l e c t  a complete set 
of x-ray d i f f r a c t i o n  i n t e n s i t i e s  f o r  each d i r ec t ion  of po lar iza t ion .  
da t a  are cur ren t ly  being examined. 

These 
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M~SSBAUER STUDIES 

J. G. Dash 
Professor ,  Department of Physics 

Edward A. Ste rn  
Professor ,  Department of Physics 

Robert L. Ingalls 
Ass is tan t  Professor ,  Department of Physics 

Hanan Shechter 
Vis i t ing  Ass is tan t  Professor, Department of Physics 

Gerald A. Erickson 
Predoctoral  Associate, Department of Physics 
Ph.D. Thesis Research 

C. D. West 
Predoctoral  Associate, Department of Physics 
Ph .D . Thesis Research 

John R. Nett 
Research Ass i s t an t ,  Department of Physics 
Ph.D, Thesis Research 

Mdssbauer Studies  

This program is based upon t h e  appl ica t ion  of t h e  Massbauer effect t o  
study p rope r t i e s  of var ious materials with emphasis on atomic force cons tan ts ,  
in te ra tomic  p o t e n t i a l s ,  e l e c t r o n i c  valence states and d i s t r i b u t i o n s .  The pro- 
posed program cons i s t s  of t h r e e  ind iv idua l  p r o j e c t s ,  charging i n  a l l o y s ,  
anharmonic force constants  and s tudy of  i n s u l a t o r s  as a funct ion of temperature 
and pressure.  

The r e s u l t s  of t h e  charging effects i n  Ag-Sn a l l o y s  are enhanced by con- 
t r o l l i n g  t h e  sample uniformity through c a r e f u l  annealing. 
on low temperature anharmonicity of FeS7 i n  U02 i n d i c a t e  r e s u l t s  very similar 
t o  those  previously repor ted  f o r  ThO2. 
system has been successfu l ly  c a l i b r a t e d  by s tudying t h e  isomer s h i f t  and recoil- 
free f r a c t i o n  of FeS7 i n  copper. 
f u r t h e r  t h e  work on FeS7 i n  ThO2. 

Preliminary r e s u l t s  

The high pressure-low temperature 

The system w i l l  subsequently be used t o  

A paper e n t i t l e d  "Fe-57 i n  Th02: Extreme Low Temperature Anharmonicity,'' by 
H. Shechter,  G. A. Erickson, J. G. Dash and R. I n g a l l s ,  has been published i n  
t h e  Bull. Am. Phys. SOC. 14,  345 (1969). - -  - -  

A paper e n t i t l e d  "Fe-57 i n  Th02: Quadrupolar Relaxation," by R. I n g a l l s ,  
H. Shechter, G. A .  Erickson and J. G. Dash, has been published i n  the  Bull .  Am. 
Phys. *. E (1969). 

- -  

A paper e n t i t l e d  "Comments on Divalent Fe s7m Quadrupolar Coupling Constants ," 
by R. I n g a l l s  has been submitted t o  t h e  Phys. Rev. - 
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IMPURITY DIFFUSION I N  MgO UNDER THE INFLUENCE OF AN ELECTRIC FIELD 

W i l l i a m  D. Scot t  
Ass is tan t  Professor ,  Ceramic Engineering 

Chester A. Hinman (on leave)  
Predoctoral  Associate, Ceramic Engineering 
Ph.D. T h e s i s  Research 

The purpose of t h i s  p r o j e c t  was t o  measure t h e  diffusion of N i  i n  MgO a t  
high temperature i n  an electric f i e l d .  I n i t i a l  experiments disclosed anomalous 
reduction of  t h e  n i cke l  impurity and apparent e l e c t r o l y s i s  of t h e  MgO under t h e  
appl ied f i e l d s .  The p ro jec t  w a s  then modified t o  inves t iga t e  D.C. conductivity 
effects i n  MgO. 

High-purity MgO s i n g l e  crystals have been subjected t o  D.C. f i e l d s  a t  
var ious temperatures for long per iods of t i m e .  
probe measurement techniques have been used. 
with t i m e  and temperature. 
greater than expected from ohmic behavior. 
are being analyzed t o  i d e n t i f y  and separa te  t h e  var ious conductivity mechanisms. 

Several  two-probe and four- 
The D.C. conductivity increases  

The cur ren t  increases w i t h  appl ied f i e l d  a t  a rate 
The r e s u l t s  of these  experiments 

The graduate s tudent  working on t h i s  p ro j ec t  has been on leave f o r  t h e  
per iod covered by t h i s  r epor t ,  and is working on t h e  f i n a l  presentat ion of 
h i s  d i s se r t a t ion ,  

A paper e n t i t l e d  "Optical and X-ray Techniques of S t r u c t u r a l  Analysis," 
by W. D. Scot t  was presented a t  t h e  Tri-Sect ional  Regional Meeting of  t h e  
American Ceramic Society i n  Richland, Washington, May 1969. 

A paper e n t i t l e d  "Impurity Deposits on Alumina Crystals," by W. D.  Scot t  
was presented at  t h e  71st Annual Meeting of t h e  American Ceramic Society i n  
Washington, D.C., May 1969. 

A paper e n t i t l e d  "Relative Energies of CllOOl T i l t  Boundaries i n  Alumninum 
Oxide," by James F .  Shackelford and W i l l i a m  D. Sco t t ,  has been published i n  t h e  
J. Am. Ceramic SOC. 51 (21,  688-92 (1968). - -  - 7  

A paper e n t i t l e d  "Impurity Deposits on Alumina Crystals," by W i l l i a m  D. 
Scot t ,  has been accepted for publ ica t ion  by t h e  J. Am. Ceramic - SOC. - -  
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PROCESSING 

Research i n  t h i s  area is intended t o  gain b a s i c  information on 
processes used for f a b r i c a t i n g  ceramics. 

CERAMIC PROCESSING 

0. J. Whittemore, Jr. 
Associate Professor, C e r a m i c  Engineering 

Character izat ion and Forming 

Douglas J. Calkins (NSF Trainee) 
Predoctoral  Associate, Ceramic Engineering 
Ph,D, Thesis Research 

Daniel B. Leiser 
Predoctoral  Associate, Ceramic Engineering 
Ph.D. Thesis Research 

The objec t ives  of t h i s  p r o j e c t  are t o  study ceramic forming methods and t o  
correlate c h a r a c t e r i s t i c s  of p a r t i c l e s  and agglomerates with forming and subse- 
quent product proper t ies .  Present a c t i v i t i e s  are being devoted t o  t h e  study of  
compaction. 

Work continues a c t i v e l y  on the  study o f  small void f i l l i n g  as r e l a t e d  t o  
b r i t t l e  f r a c t u r e .  
ob ta in  very uniform s i z i n g  and sphe r i c i ty .  
d i e  t o  various pressures  i n  an "Instron" machine so a p rec i se  density-pressure 
curve can be obtained. 
d i e  with compact i n se r t ed  i n t o  a penetrometer so t h a t  pore s i z e  d i s t r i b u t i o n  by 
mercury porosimetry can be determined. 
t h e  compact is removed and s i z i n g  determined. Preliminary r e s u l t s  i nd ica t e  "S" 
shaped density-pressure curves ,  i nd ica t ing  more than one mechanism during com- 
pact ion.  

A quant i ty  of g l a s s  spheres have been so r t ed  c a r e f u l l y  t o  
These are being compacted i n  a steel  

After compaction, t he  d i e  punches are removed and the  

After pore s i z e  d i s t r i b u t i o n  is determined 

F i r s t  f r a c t u r e  occurs a t  15000 p s i ,  with these  w e l l  s i zed  g l a s s  spheres.  

A number of compaction curves have been determined on fused mul l i t e ,  a 
material ava i l ab le  i n  two d i f f e r e n t  p a r t i c l e  shapes. 
pact ion at  l o w  pressures  which gave rrSrr shaped curves ind ica t ing  t w o  mechanisms 
( t h e  two mechanisms were pos tu la ted  by Cooper and Eaton as large hole  f i l l i n g  
by r e o r i e n t a t i o n  and s m a l l  hole  f i l l i n g  by f r a c t u r e ) .  Determination of coeffi- 
c i e n t s  for t h e  Cooper and Eaton equation h a s  no t  been as p rec i se  as an t i c ipa t ed .  

A study was made of com- 

Using smaller d i e s ,  compaction s tud ie s  i n  an "Instron" machine are being 
conducted t o  50,000 p s i .  
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I n i t i a l  Stages of S in t e r ing  

J. Joseph Sipe 
Predoctoral  Associate,  Ceramic Engineering 
Ph.D. Thesis Research 

The objec t ive  of t h i s  p ro jec t  is t o  study t h e  i n i t i a l  s t ages  of s i n t e r i n g  
where pore growth occurs.’ 
s i n t e r i n g  of seve ra l  ceramic materials, and it has a l s o  been shown t h a t  it 
may occur simultaneously with shrinkage. 
t h e  primary mechanism of pore growth (temperatures are too  l o w  f o r  evapora- 
t ion/condensation t o  be s i g n i f i c a n t ) .  

This phenomenon has been shown t o  occur during t h e  

Surface diffusion is thought t o  be 

Work is underway on s t u d i e s  on FeqO3. Previous work has determined acti- 
vat ion energy for pore growth of t h i s  oxide. Attempts w i l l  be made t o  obta in  
independent da ta  on d i f fus ion  coe f f i c i en t  and r eac t ion  rate by grain-boundary 
grooving. 
diffusion.  The conventional two-sphere model used for s i n t e r i n g  s tud ie s  does 
not  give information on pore s i z e  or growth. 

Consideration is being made of a model f o r  pore growth by sur face  
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MISCELLANEOUS 

SURFACE DIFFUSION 

Alan D, Miller 
Assistant Professor ,  Ceramic Engineering 

Edward H. Randklev 
Predoctoral  Associate, C e r a m i c  Engineering 
Ph.D. Thesis Research 

The primary objec t ive  of t h i s  study is t h e  determination of t h e  effect of 
temperature on t h e  d i f fus ion  coe f f i c i en t  of chromium on aluminum oxide. 

The furnace and necessary f i x t u r i n g  for t h e  d i f fus ion  couples is complete. 
The f ab r i ca t ion  of point  sources for t h e  couples was accomplished and pre- 
l iminary d i f fus ion  annuals are i n  progress. 
be s t a r t e d  i n  the  near fu ture .  

Electron microprobe ana lys i s  w i l l  

SINTERING OF CALCIA 

0. J. Whittemore, Jr. 
Associate Professor,  Ceramic Engineering 

James T. Benson (Teaching Ass is tan t )  
Research Ass is tan t ,  Ceramic Engineering 
M.S. Thesis Research 

The objec t ive  of t h i s  study is t o  determine t h e  s i g n i f i c a n t  f a c t o r s  i n  
s i n t e r i n g  calcium oxide, using calcium hydroxide as t h e  precursor.  
w i l l  be made between reagent grade calcium hydroxide and severa l  commercial 
hydrated l i m e s .  

Comparison 

In  addi t ion ,  dense grog (or aggregate) of s in t e red  calcia w i l l  be s ized  
and recombined and processed i n t o  r e f r ac to ry  shapes. 
r e f r a c t o r i e s  w i l l  be determined, 

The p rope r t i e s  of these  

Arrangements have been made t o  i n s e r t  a test panel of c a l c i a  br ick  (when 
i n  t h e  s i n t e r i n g  study) i n  t h e  a i r  heat ing 
r reentry-type tests. 
h i s  material may be a super ior  r e f r ac to ry  for such furnaces.  

The high use tempera 
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PORE STRUCTURE OF BONE 

0. J. Whittemore, Jr. 
Associate Professor ,  Ceramic Engineering 

A study of t h e  pore s i ze  d i s t r i b u t i o n  of rat t i b i a  and femurs has been 
conducted by Professor 0. J. Whittemore, Jr. and M r .  J. Joseph Sipe i n  coopera- 
t i o n  with D r .  David J. Baylink of  t h e  Veterans Administration Hospital  and t h e  
University Medical School. 
p rec ise  quan t i t a t ive  information on t h e  pore s izes  and t h e i r  volumes i n  bone 
than o ther  techniques such as e lec t ron  microscopy. 

Mercury porosimetry has been shown t o  give more 

ELECTRIC GENERATOR USING BODY HEAT 

0. J. Whittemore, Jr. 
Associate Professor ,  Ceramic Engiceering 

Alan P. Fasy 
Senior,  Ceramic Engineering 

A proposal was made i n  a sen io r  design c l a s s  f o r  an electric generator 
constructed from high-output thermocouples t o  operate  on t h e  temperature 
d i f fe rence  between t h e  human body and cold ambient temperatures. 
ca lcu la t ions  ind ica t e  s u f f i c i e n t  power could be generated f o r  a r ad io  rece iver .  

Preliminary 
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CERAMIC MATERIALS RESEARCH PROGRAM IMPACT STUDY 

James E. Rosenzweig 
Professor, Management and Organization 

Fremont E. Kast 
Professor, Management and Organization 

Jchn W. Stockman 
Predoctoral Associate, Management and Organization 
Ph.D. Thesis Research 

The objective of this study is to determine the impact of the Ceramic 
Materials Research Program upon the University of Washington. 
investigate the impact of the CMRP at three levels: (1) the Ceramic Engineering 
Division, ( 2 )  the College of Engineering, and ( 3 )  the University. 

The study will 

During the first phase of the study we identified the administrative, organ- 
izational, and structural relationships of the CMRP from the beginning of the 
program in 1963 to the present time. 
and the factors causing these changes. 
activity--such as number of graduate students, number of seminars, and extent 
of faculty involvement--were utilized. 
provided the basis for the interview-questionnaire phase of the study. 

We investigated the changes in the program 
Various measures of the level of program 

This historical perspective of the CMRP 

The second phase of the study--the interview-questionnaire program--has 
been completed during the past six months. This phase involved a social psycho- 
logical analysis of the attitudes, opinions, and reactions of the various infor- 
mation from graduate students and faculty participants in the program. 
was followed by personal interviews with all faculty participants and with the 
administrative staff in order to investigate, in more detail, questions arising 
from the questionnaire responses and to develop broader information and deeper 
insights into the program. We have also interviewed a number of people within 
the NASA organization to obtain information concerning NASA-sponsored University 
programs. 

This 

This second phase of questionnaires and interviews has been completed. 

We are currently engaged in the final stage of the study--the interpreta- 
tion and evaluation of data and the writing of the final report. In this stage 
we will present our findings concerning the impact of the CMRP and will also 
provide information concerning the organization and administration of the CMRP, 
the interface between this program and NASA, and a general evaluation of progress 
toward program objectives. 
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APPENDIX A - 1  

Dis t r ibut ion of P ro jec t s  Within t h e  University According t o  Research Areas 

Number of Atomic E 
Academic Department Projects Chemical Mechanical Molecular Process Miscl. 

Ceramic Engineering 

Chemistry 

C i v i l  Engineering 

Electrical Engineering 

Management E 
Organization 

Mechanical Engineering 

Metallurgical 
Engineering 

Physics 

TOTAL 

1 5  

2 

2 

1 

1 

1 

4 1 

3 - 

5 2 

1 - 
\ 2  - 

- - 
29 7 

3 

I 

8 

3 

- 
7 

I 

2 

APPENDIX A-2 

Number of Students and Faculty Involved i n  Research Supported by Grant Funds - 

- 
5 

Academic Department 

Ceramic Engineering 

Chemistry 

Civ i l  Engineering 

Electrical Engineering 

Management E 
Organization 

Mechanical Engineering 

Metallurgical 

Physics 

Engineering 

TOTAL 

Number of Research Under 
P ro jec t s  Faculty Faculty Grads 

1 5  5 2 2 

- 2 2 - 
2 2 - - 

1 1 - - 

1 2 - - 
1 1 - - 

Total 
Ph.D. Grads -- 

1 2  1 3  

2 2 

2 2 

1 - 

1 4 

3 3 

22 27 
- - 
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APPENDIX B 

Ceramic Materials Research Seminars 

"Ceramic Research a t  Coors" Mr. Laurence E. Ferreira, Coors Porcelain 
Company, Golden, Colorado 

"The Relationship of Mechanical Propert ies  t o  S t ruc tu re  i n  Carbons and 
Graphites" D r .  David B. Fischbach, JetPropulsion Laboratory, Pasadena, 
Cal i fornia  

"Some Comments on Ceramics as a Reactor Materials" D r .  Hiroshige Suzuki, 
Associate Professor of Ceramics, Research Laboratory of Nuclear Reactor, 
Tokyo I n s t i t u t e  of Technology, Japan 
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APPENDIX C 

Theses Published: 

"Effects of Quenching and Annealing on Ionic Conductivity i n  Lithium 
Fluoride" 
J. K. Lee, M.S., Metal lurgical  Engineering 

Papers Accepted f o r  Publication: 

"The Effect of Gas Flow Rate on t h e  Oxidation Kine t ics  of Zirconium,'' 
L. P. Sr ivastava and T. F. Archbold has been accepted by -- S c r i p t a  
Metallurgica. 

"Impurity Deposits on Alumina Crystals," W i l l i a m  D. Sco t t  has been 
accepted for publ icat ion by t h e  Journal  of t h e  American Ceramic Society. 

"Effects of Lattice Defects on Thermolumnescence i n  Lithium Crystals," 
T. G. Stoebe, G. M. Guilmet and J. K.  Lee has been accepted by Proceedings- 
In t e rna t iona l  Conference on Science and Technology of Non-Metallic 
Crystals. 

Papers Submitted for Publication: 

"Comments on Divalent Fe57m Quadrupolar Coupling Constants , I '  R. I n g a l l s  
has been submitted t o  the  Physical Review. 

PapersPublished : 

"Fe-57 i n  Tho,: Extreme Low Temperature Anharmonicity," H.  Shechter, 
G.  A. Ericksog, J. G. Dash and R. I n g a l l s ,  Bu l l e t in  of t h e  American 
Physical Society 1 4 ,  345 (1963). 

"Fe-57 i n  Tho : Quadrupolar Relaxation," R. I n g a l l s ,  H. Shechter, G .  A. 
Erickson and 3. G .  Dash, Bul le t in  of t h e  American Physical Society 1 4 ,  
(1969). 

"Relative Energies of C f l O O ]  T i l t  Boundaries i n  Aluminum Oxide ," W i l l i a m  
D. Sco t t ,  James F. Shackelford, Journal  of t h e  American Ceramic Society 51  
( 2 )  688-92 (1968). 

Papers Presented: 

"Fe-57 i n  Tho2: 
G. A.  Erickson and J. G. Dash; Presented a t  a meeting of the  American 
Physical Society,  Philadelphia,  March 24-27, 1969. 

Quadrupolar Relaxation ,'I R. I n g a l l s  , H.  Shechter , 

"Fe-57 i n  Tho2: Extreme Low Temperature Anharmonicity," H. Shechter,  
G. A. Erickson, J. G. Dash and R. Inga l l s .  Presented a t  a meeting of t h e  
American Physical Society,  Philadelphia,  March 24-27, 1969. 
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"Optical and X-ray Techniques of S t r u c t u r a l  Analysis," W. D .  Scot t .  
Presented a t  a meeting of t h e  Tri-Sectional Regional Meeting of t h e  
American Ceramic Society,  Washington, D .  C . ,  May, 1969. 

"Impurity Deposits on Alumina Crystals," W .  I). Sco t t .  Presented a t  a 
meeting of t h e  American Ceramic Society,  71st  Annual Meeting, Washington, 
D. C. ,  May, 1969. 

"Effects of Lattice Defects on Thermolumnescenee i n  Lithium Crystals  ," 
T. G. Stoebe, G. M. Guilmet and J. K.  Lee. Presented at a meeting of 
t h e  In t e rna t iona l  Conference on Science and Technology of Non-Metallic 
Crystals ,  India,  January 13-17, 1969. 
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APPENDIX D 

Di s t r ibu t ion  

Mr. E. W, Q u i n t r e l l  
Grants Office 
NASA 
Washington, DOC. 20546 

M r ,  James J. Gangler 
Office of Advanced Research and 

NASA 
Washington, D.C. 20546 

Technology 

M r .  Charles A ,  Hermach 
A m e s  F l igh t  Center  
NASA 
Moffett F i e ld ,  Ca l i fo rn ia  94035 

M r .  John Buckley 
NASA 
Langley Research Center 
Mail Stop 335 
F l igh t  Vehicle E Systems Division 

i r g i n i a  23365 

M r ,  Eldon E.  Wathauser 
Langley Research Center 
NASA 
Langley S ta t ion  
Hampton, Virginia  23365 

D r .  H. B. Probst (2 )  
L e w i s  F l igh t  Center 
NASA 
Cleveland, Ohio 44135 

D r .  P h i l i p  Clarkin 
E lec t ron ic  Research Laboratory 
NASA 
575 Technology Square 
Cambridge , Massachusetts 02139 

A. G.  Eubank 
Goddard Space F l igh t  Center 
NASA 
Greenbelt, Maryland 29771 

D r .  Henry Frankel 
Goddard Space F l igh t  Center 
NASA 
Greenbelt, Maryland 20771 

Mr. James E .  Kingsbury 
Marshall Space F l igh t  Center 
NASA 
Huntsvi l le ,  Alabama 35812 

Mr. Robert E. Johnson 
Materials Technology Branch 
Systems Evaluation and Development 

Manned Space Center 
NASA 
Houston, Texas 77058 

Division 

Mr. Howard E. Martens 
NASA , JPL 
4800 Oak Gorve Drive 
Pasadena, Cal i fornia  91103 

Professor W. E. Rorschach, 3r. 
Department of Physics 
Rice University 
Houston, Texas 77001 

D r .  Stephen E.  Weiberley 
Dean of t h e  Graduate School 
Rensselaer Polytechnic I n s t i t u t e  
Troy, New York 12180 

D r .  E .  Scala  
Technical Director  
Army Materials and Mechanical Research 

Watertown, Massachusetts 02172 
Center 

D r .  Thomas D .  McGee 
Professor,  Department of Ceramic 

Iowa S t a t e  University 
110 Engineering Annex 
A m e s ,  Iowa 50010 

Engineering 

D r .  R. M. Thomson, Director 
Materials Science Division 
Advanced Research Projects Agency 
Pentagon 
Washington, D.C. 20546 

D r .  John Barrett 
Chemical Branch, DDREE 
Department of Defense 
Washington, D.C. 20301 
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L t .  Col. Louis Klinker 
Army Research Office 
Office Chief of Research E, 

Department of t h e  A r m y  
Washington, D.C, 20546 

Development 

D r .  H,  M. Davis, Head 
Metallurgy Branch 
U. S, Army Research Office 
Box CM, Duke S ta t ion  
Durham, North Carolina 27706 

D r .  W .  G. Rauch, Acting Head 
Metallurgy Branch 
Materials Science Division 
Office of Naval Research 
Washington, D e  C. 20360 

Major R. Houidobre, U.S.A.F. 
Sol id  S t a t e  Sciences, AFOSR 
1400 Wilson Boulevard 
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D r ,  Alan M. Lovelace 
Director ,  A i r  Force Materials 
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Mr. L. N, H j e l m  

2400 E l  Sequgldo Boulevard 
E l  Sequndo, Ca l i fo rn ia  

SSD-SSTRT 
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D r .  Allen Franklin 
National Bureau of Standards 
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D r .  H ,  E. Sorrows, Acting Director  
I n s t i t u t e  for  Materials Research 
National Bureau of Standards 
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D r .  D.  K.  Stevens, Associate Director  
f o r  Materials 
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